Introduction
Ventricular fibrillation (VF) may occur in patients without demonstrable cardiac disease, known as idiopathic VF (IVF). In these patients, slurring and notching may be observed in the terminal part of QRS complexes as a sole finding, [1] [2] [3] [4] and the electrocardiography (ECG) findings are known as J waves and are categorized as J-wave syndrome. 5 A pause-dependent augmentation of the J-wave amplitude has been noted in IVF patients, which is a striking feature of J waves. 1, 6, 7 Recently, tachycardia-dependent attenuation of J waves was confirmed in the J waves of IVF patients. 8 Similar ECG findings can be seen in individuals in a general population and are shown to be associated with an increased risk of sudden cardiac death. 9 Some of these J waves may show augmentation at higher heart rates but no augmentation at slower rates. 10 The different response patterns of these J waves to changes in heart rate suggest the presence of different mechanisms for J waves, which may be useful for discriminating the malignant J waves of IVF patients from benign ones in individuals of a general population.
J waves were well reproduced in animal studies, and transient outward currents (Ito) expressed predominantly in the epicardial myocardium were shown to be responsible for J waves. 11 However, factors for the genesis and dynamicity of J waves are not fully understood.
Here, we examined a patient with out-of-hospital cardiac arrest. Intracoronary acetylcholine-induced augmentation of J waves was present during a provocation test, and a coronary spasm was not induced.
Case report
The patient was a 35-year-old man. He was well until he experienced a cardiac arrest while running in a gymnasium at night (around 10:00 PM). The episode was witnessed by his friends, who noted his absent arterial pulsation and performed cardiac massage and made an emergency call. Upon arrival of emergency personnel 5 minutes later, an electrical shock was delivered via an automatic external defibrillator. Both circulation and respiration returned, but he remained in a deep coma and was transferred to our hospital. Retrieval of ECG from the automatic external defibrillator showed VF as the cause of cardiac arrest.
On admission, the patient's blood pressure was 118/62 mm Hg (systolic/diastolic), his pulse rate was 106 beats/ min, and his blood temperature was 37. 7 C. Later, the patient was found to be 178 cm tall and 70 kg in weight.
He responded only to strong pain stimuli, but a physical examination was normal. Arterial gas analysis showed hypoxemia, hypercapnea, and acidosis (PO 2 5 68 mm Hg, PCO 2 5 62 mm Hg, and pH 5 7.26), and the patient was intubated. Complete blood counts and serologic tests were normal. AST (85 IU/L), ALT (65 IU/L), and g-GTP (92 IU/L) were elevated, whereas other blood chemistry was normal.
ECG showed atrial fibrillation with an incomplete right bundle branch block pattern ( Figure 1A ). J waves slur in the terminal part of the QRS complexes were suggested in the inferior leads, III and aVF, that were larger at prolonged R-R intervals ( Figure 1B ). The chest radiograph and echocardiography were normal.
Course after admission
Emergency catheterization revealed normal coronary arteries and cardiac wall motion. The patient was cared for in the coronary care unit under therapeutic hypothermia at 34 C. J waves became more evident after admission ( Figure 1A) . The patient gained consciousness and was extubated on the fourth day. On the fifth day after admission, he was moved to the general ward. His electroencephalogram and brain magnetic resonance imaging were normal, and no neurologic KEYWORDS Idiopathic ventricular fibrillation; Intracoronary acetylcholine; J-wave augmentation; No structural heart disease; Transient outward currents (Heart Rhythm Case Reports 2018;4:247-250) abnormality was detected. He received physical therapy, and exercise tests on a treadmill were performed before and after implantation of an implantable cardioverter-defibrillator. They induced no change in J waves, ST segment, or T wave. Neither premature ventricular contraction (PVC) nor ventricular tachycardia was induced during exercise.
Acetylcholine-induced ECG changes
On the 17th day, a provocation test for coronary vasospasm was attempted, and the result was negative. The baseline ECG showed J waves in leads III and aVF, measuring 0.18-0.21 mV and 0.09-0.10 mV, respectively (Figure 2) . Introduction of acetylcholine into the right coronary artery induced a dose-dependent augmentation of the J-wave amplitude (Figure 2 ). The height of r' in V 1 was increased, and the slur of the ascending limb of S in V 2 (and V 3 ) became shallower with acetylcholine administration. However, augmentation of the J waves was negligible when acetylcholine (100 mg) was introduced into the left coronary artery, but in this case there was induced T-wave inversion in V 3 through V 5 (Figure 2) . No PVC or ventricular tachycardia was induced during intracoronary acetylcholine administration, and the R-R interval changed little: 680 ms at baseline to 707 ms after acetylcholine (Figure 2 ).
Course after hospitalization
As this was a case of IVF associated with J waves, an implantable cardioverter-defibrillator with subcutaneous leads was implanted on the 20th day and the patient was discharged on the 28th day. He was well, without ventricular arrhythmias, at the follow-up at the outpatient clinic. Magnetic resonance imaging performed 1 month later was negative: normal structure, normal wall motion, and no delayed enhancement.
Discussion
This case involved a patient with IVF who experienced an out-of-hospital cardiac arrest. VF was precipitated during exercise. J waves were observed in the inferior leads.
KEY TEACHING POINTS
J wave may be observed in patients with idiopathic ventricular fibrillation (IVF).
J waves of IVF patients are known to be augmented under enhanced vagal tone or at bradycardia.
In the present case, VF was precipitated by exercise at night, and J waves were augmented by intracoronary acetylcholine.
The specificity and mechanism of the acetylcholineinduced J-wave augmentation is to be confirmed in a larger number of cases. Figure 1 The surface electrocardiogram (ECG). A: On admission, the ECG showed atrial fibrillation. The QRS complexes were narrow without significant AT-T abnormality. Slurring was suggested in the inferior leads. On the fourth day after admission, sinus rhythm resumed. Slurring was evident in the inferior leads, II, III, and aVF. B: The J waves in leads III and aVF are bigger (smaller) when the preceding R-R interval is longer (shorter). The basic rhythm is atrial fibrillation.
A provocation study for coronary spasm was negative, but acetylcholine introduced into the right coronary artery resulted in an augmentation of J waves, suggesting its action on J waves.
The J waves of the IVF patient were considered to represent early repolarization mediated by Ito. 5, 11 When Ito was inhibited by 4AP or quinidine, the phase 1 notch of the action potential decreased, with the concomitant diminution of J waves. 11 An augmentation of Ito is observed at slower rates and is considered to be the underlying mechanism of a pause-dependent augmentation of J waves, a characteristic ECG finding of IVF. 1, 6, 7 Such a pause-dependent augmentation of J waves was observed in the present case.
Action of acetylcholine on phase 1 notch and/or ST segment were shown in animals. Koncz and colleagues 12 recorded action potentials from epicardial and endocardial sites of a coronary-perfused canine left ventricular wedge preparation, and produced J waves by giving an Ito agonist (NS5806) and verapamil. Addition of acetylcholine mimicking increased vagal tone to the perfusion medium led to increased AP notch, J waves, and phase 2 reentry followed by VF. Clinically, VF episodes of IVF patients with J waves are known to occur predominantly during nocturnal periods when the vagal tone increases, and augmentation of J waves of IVF patients by intracoronary acetylcholine administration can be expected from prior findings. 1, 6, 13, 14 However, the change of J waves during intracoronary acetylcholine administration has never been reported thus far.
As an acquired type, J waves may be observed in association with myocardial ischemia and J waves may appear preceding vasospasm and/or development of VF. 5 We analyzed J waves in patients with vasospastic angina. 15 Among the 67 patients with proven coronary spasm, 14 patients (20.9%) revealed J waves in the baseline ECGs, and J waves were augmented (.0.1 mV) in 7 of 14 patients during intracoronary acetylcholine administration. Furthermore, 4 of the 7 patients with J-wave augmentation developed VF. Among the remaining 53 patients without J waves at the baseline, J waves were newly induced by intracoronary acetylcholine in 5 patients (9.4%), but VF developed in none of 53 patients. Thus, J waves related to myocardial ischemia in non-IVF patients can be augmented by intracoronary acetylcholine. We need further studies to confirm that acetylcholine modulates J waves, and the mechanism of action of acetylcholine on J waves is to be determined.
Conclusion
This is the first case showing that intracoronary acetylcholine augments J waves in an IVF patient. The action of acetylcholine on J waves and the mechanism are to be determined in a large number of J wave patients. Figure 2 Electrocardiograms during the provocation test for coronary spasm. At baseline, J waves (arrows) were present in III and aVF, which increased after intracoronary administration of acetylcholine. A dose-dependent augmentation is evident. The height of r' in V 1 (white arrowheads) was increased, and the slur of the ascending limb of S in V 2 (and V 3 ) became shallower with acetylcholine (black arrowheads). However, augmentation of the J waves was negligible when acetylcholine (100 mg) was introduced into the left coronary artery, but in this case there was induced T-wave inversion in V 3 through V 5 . The R-R interval remained almost unchanged by acetylcholine: 680 ms at baseline vs 707 ms after acetylcholine. PVC or ventricular tachycardia was not induced by acetylcholine infusion.
